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© Novel 2-substltuted coumaran derivatives. 



© The present invention relates to a compound of the formula: 



in 

Lf> 
CO 



a. 

LU 




CI) 



wherein R' stands for hydrogen or a lower alkyi; n denotes an integer of 1 to 6; X stands for an optionally 
oxidized sulphur atom, oxygen atom or an optionally substituted imino: R^ stands for m thyl or an organic 
residual group bonded through methylene, methine a quaternary carbon: R^ stands for a lower alkyI; R* 
stands for hydrogen or acyl; R^ and R^ each stand for a lower alkoxy or a lower alkyI, or R* and R* 
combinedly stand for butadienylene, and salts thereof. 

The compound (I) of the present invention has a strong 5-lipoxygenase inhibiting action, is of high safety and 
is useful as. among others, an agent for ameliorating circulatory system, an anti-allergic agent and a pharmaceu- 
tical agent for central nervous system. oaoPCTOOO 
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Novel 2-Substltuted Coumaran Derivatives 



This invention relates to novel 2-substituted coumaran derivatives. ,^,„,:,^h r lournal of 

American Chemical Society (J. Am. Chem. Soc.) tuo. oaauuaoo;, luu. 

reports have been made on th ir pharmacological actions. 

The present inventors synthesized various types of coumaran ^f^^^^.^^^"'^ "^J^^ 
inhibitory actions on 5-lipoxygenase participating in the biosynthesis of leucotnenes and t.pox.ns, and they 
have continued the research work diligently to accomplish the present invention. 

This invention is to provide a compound represented by the formula: 




(I) 



wherein R' stands for hydrogen or a lower alkyl: n denotes an integer of l to 6: X stands for an optionally 
r'id z d sulph" to; oCen atom or an optionally substituted imino stands for -thy. or an organic 
resLa. group bonded through methylene, methine or a quaternary carbon: R- stands for lower a.^. R 
slnds for hydrogen or acyl: R^ and R^ each stand for a lower alkoxy or a lower alkyl. or R and R 
rAmhififtd Stand for butadienylene. and salts thereof. 

Refting to tSe compounds represented by the formula (.). the lower alkyl shown by R' is exempl.^ed 
by C -? alk?i such as methyl, ethyl, propyl, i-propyl. butyl, i-butyl. sec-buty t-butyl. amyl. hexyl. etc.. and 
esoecially preferable ones are C, -j alkyl (methyl, ethyl, propyl, i-propyl. etc.). 

^ the oroups shown by C„H:„. mention is made of methylene or straight-cham or branched alkylene. 

Ts he 2Za.roxidizL ^ulf; atom shown by X. mention is made of sulfide^ sulfoxide and s^^ne. As 
the subst'uents of Lino group, mention is made of ary. such as phenyl, naphthyl. etc. and lower (C,-,) 

groups bonded through methylene, methine or guaternary 
cart^nThown by r' include straigSt-chain or branched C.-,o chain-like aliphatic hydrocarbon groups such 
^!^lvl alenvl a^kjnyl etc C,-7 cyclic hydrocarbon groups (e.g. cyclopropyl. cyclobutyl. cyclopentyl. 
"cSn^ny. ;cS^ cyclohexedienyl. cycloheptynyl. etc.). aryl (e g. phenyl, naplnhy 

e?c ) Syl (e.g C,-, alkylphenyl. alkylnaphthyl. etc. such as benzyl, phenethyl. phenylpropy^. a- or 
rnapSlmemW. etc.). and non-aromatic or aromatic 5- to 7-membered monocyclic or condensed poly- 
cydic heLc^yCic groups (e.g. thienyl. pyndyi. im.dazo.yl. thiazolyl. pyrrolyl. piperidyl. hexamethylen.mjdyL 
quSolyl quinuCidy? indolyl. pyrimidyl. etc.). The above-mentioned methyl or organic residual groups may 
Sale a substituent exemplified by hydroxy, group, carboxyl. 0,-3 f°''Vcarbonyl. am.no. nrtro^ cyam^ 
hl^en (eg. fluorine, chlorine, bromine, iodine). Co alkoxy. alkyl. aryl (e.g^phenyl. naphthyl. etc 
a^dTese groups may have any of the above-mentioned substituents). cycloalkyl. heterocyclic groups 
To Ze as mentioned above), etc. When the above-mentioned organic residua groups are alkenyl. hey 
haJe usually 1 to 5 double bonds optionally conjugated. When they are alkynyl. they have 1 to 5 triple 

'^^"tamples of the lower alkyl shown by R' include alkyl such as methyl, ethyl. P'opyL J-propyl. 
butyuTutyl. sec-butyl, amyl. hexyl. etc.. especially C, alkyl (methyl, ethyl, propyl, .-propyl, etc.) being 

^'^^i^^e acyl shown by R*. mention is made of carboxylic acid acyl. sulfonic acid acyl. phosphoric acid 
acyl etc p^ferably those having C,-. substituents (methyl, ethyl, propyl, phenyl, etc.) Especially 
^eeri'ls inc.! chain-like (C,-,o) or cyclic (C,-,o) alkanoy. such as ^'^'^^'.^^^^l^^^^^^ 
^butylyl decanoy.. cyclopentoyl or benzoyl, optionally quatenzed nicotinoyl. succinic ac.d half-acyl. etc 

t^^^BS of lowei; alkVis shown by R' and R' include C,-. alkyl such as methy . ethyl, propy . .- 
propyl, butyl, i-butyl. sec-butyl, t-butyl. amyl. hexyl. etc.. especially C, alkyl (methyl elhy^, propyl. 1- 
oroDvl etc ) being preferabi . These lower alkyl groups may have a substituent exemplified by hydroxy 
groSp.' halogen (fluorine, bromine, chlorin . iodine, etc.). nitro. trifluoromethyl. carboxyl. C, alkoxycarbonyl 
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(methoxycarbonyl. ethoxycarbonyl. etc.). 3-pyridyl. 1-imidazolyl. S-thiazoIyl. etc. And. as the lower alkoxy 
shown by and mention is made of C,-. alkoxy such as methoxy. ethoxy. propoxy. .-propoxy. 

butoxy, etc. ^ , ^ .i. 

When and R^ taken together, stand for butadienylene. they form naphthalene nng. and. as the 
substituents on thus-formed benzene ring, mention is made of one to three of lower (C,-3) alkyls. lower 
(Ci -d) alkoxy (methoxy. ethoxy. propoxy. etc.). hydroxy! group, nitro. halogen, etc. 

The compound (I) may. depending on the kinds of substituents thoreon. form salts, for exarnple. salts 
with acids exemplified by organic acids (e.g. acetic acid, propionic acid, oxalic acid, male.c acid. etc. or 
inorganic acid (e.g. hydrochloric acid, sulfuric acid, phosphoric acid, etc.), or salts with bases exemplified 
by alkali metals (potassium, sodium, etc.). alkaline earth metals (calcium, magnesium, etc.). ammonia, etc.. 
especially physiologically acceptable ones being preferable. 

A compound (I), when X is sulfur atom or oxygen atom, can be produced by subjecting a compound 

represented by the formula: 




(II) 



wherein R' R^ R^. and R' are of the same meaning as defined above. Y stands for a leaving group and Z 
stands for hydrogen or a hydroxyl-protecting group, and a compound represented by the formula: 

H-X-R2 (III) ^ n^ 

Wherein X and R^ are of the same meaning as defined above, to substitution reaction, or a compound (I), 
when X is imino group, can be produced by subjecting a compound by the formula: 




wherein R' R^ Z R* and R« are of the same meaning defined as above, and a compound (III) to 
condensation reaction by e.g. an active ester method to produce a corresponding amide compound, 
followed to reduction by use of e.g. lithium aluminium hydride, then when desired, to deprotection reaction, 
acylation or/and substituent-exchange reaction. ^ , ^ 

Examples of the above-mentioned Z include C-s alkanoyl. and those of Y include halogen, phenyl or 

an alkyi sulfonic acid residual group. ^ ^ . 

The substitution reaction is carried out in a solvent such as dimethylformamide. tetrahydrofuran. 
methanol, ethanol. etc. in the presence of a base such as sodium hydride, potassium carbonate, ^sodiurn 
alcoholate. triethylamine. pyridine, etc. The reaction temperatures usually range from -20 C to 80 C. and 
the reaction time ranges from about 0.5 to 24 hours. .... 

While hydrolysis of acyl group can be carried out under conventional ester-hydrolysis conditions when 
the product is basic and unstable to oxygen, the reaction is conducted under argon atmosphere to thereby 
obtain the desired hydrolyzate in a good yield. u.. ■ k » 

. And. when the double bond is hydrogenated. the desired compound can be obtained by. employing a 
catalyst such as palladium-carbon, a conventional method. ... ^ ..^ . 

The acylation is conducted, by employing a desired acylating agent (e.g. acid anhydnde. acid halide). 
in an organic solvent (e.g. dim thylformamide. acetone, tetrahydrofuran). when necessary, in the presence 
of a basic catalyst (preferably a base such as sodium hydride, potassium carbonate, pyridine or 
triethylamine) or an acid catalyst (sulfuric acid, hydrogen chloride, etc.). The reaction temperatures range 
from about -10 * C to 1 00 ' C. and the reaction time ranges from about 1 0 minutes to 1 5 hours. 

Thus-obtained compound (I) can be isolated by a conventional separation purification means (exuacton. 
chromatography, recrystallization, etc.). 
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incidentally, when the compound (1) exists as a diastereomer. it can be Isolated into the respective 

isomers when desired. ^ icnmAr and l -isomer 

And. when the compound (I) is an optionally active one. it can be separated mto d-isomer and 

by a conventional optical resolution means. lr.ll/^^A/i^n method Namely, a 

The starting compound (II) can be synthesized by. for example, ^^^^^J^'^^^^^^^m^^^^^^^^^ V 

hydroquinone monoacetate (IV) is allowed to react, in the P---%^' ^^^^^ in 
an aitylether (V). and (V) is led to (VI) by Claisen rearrangement. Further. (VI) .s processea w.m 
the presence of a base to obtain the compound (II) as a bromomethyl compound. 
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The compound (I) of this invention has an action of inhibiting production of 5-l.poxygenase-type 
metat^liteTe^cotrienes. 5-hydroperoxyeicosatetraenoic acid (HPETE). 5-hydroxye.cosatetraeno.c aad 
ThET?^ npols leucotoxins. etc.. and therefore, it can be used advantageously as an agent act.ng on 
central ne^ous system, an agent for ameliorating circulatory system, an ant.-allerg.c agent, etc 

The comiund (I) can be safely administered, orally or non-orally. singly or as a pharmaceufcal 
composition p^a^ed by mixing the compound (I) with a per se known pharmaceutically acceptable carr.er, 
exdpTen etc (e.g. tabL. capsule, liquid, iniection. sup^sitory.. to mammals (rat. horse, -o^- '-o"''^- 
lomTBXc ) While the dosage varies with subjects of administration, adm.n.stration routes, symptoms etc.. 
jTmrcaS oMor example. admin.stering orally to an adult patient suHering from diseases of crculatory 
system iHs convenient to administer with about 0.1 mg/kg to 20 mg.kg-body weight'dose. preferably 0.2 
mg/kg to 10 mg/kg/body weight, once to three times a day. 
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Experimental Example 1 5-Lypoxygenase Inhibiting Action 

in 0.5 ml of MCM (mast cell medium) was suspended 10' of rat basophilic '«"'<«7« /"Jf ^J) cells^To 
this suspension was added the test solution previously prepared (consisting of 0.5 ml of MCM. 50 ug of 
a achidorlc^cid. 10 ug of calcium ionophore A-23187 ar,d the test compound (final concentrafon, 10 ufA 
1 uM 0 1 uM and 0.5l uM]. and the reaction was allowed to proceed at 37 C for 20 mmutes. To me 
eaction mixture was added 4 ml of ethanol. which was shaken sufficiently, followed by 'eavinQ th« 
esuHt mixture standing for 10 minutes at room temperatures. The resultant mixture was subjected to 
centrge^2000 rpm) for 10 minutes, then the supernatant was separated. Thus-separated supernatant was 
c^ZL to d^ness under reduced pressure. To the concentrate was added 0.5 ml of a W% «.ueous 
methanol. 100 u I portion of this solution was taken and subjected to high performance ^inS": 
^Dhv to determine 5-HETE (5-hydroxyeicosatetraenoic acid) quantitatively. UV absorption of 5-HETE at 237 
nrJ wi ZZvZ w^th a UV absorption monitor. The inhibitory effect (IE) of 5-HETE is expressed by (1- 
x"o^ TSoTlla. a means! height of the peak or the area of the peak in the case of contaunjng 
^0 compound (I), while b means the height of the peak or the area of th peak ,n the case of containing the 
cor^^u^d (I). TT^e results revealed, as shown in Table 1. that the test compounds showed strong inhibitory 
action on the production of 5-HETE. 
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Table 1 



to 



15 



Effect of Inhibiting 5-Lipoxygenase 





% Inhibition (IE) 


Compound 


10-' M 


10"* M 


io-'fy/i 


lO-^M 


1 


100 


100 


0^ 


1 ^ 

1 o 


3 


100 


100 


1 UU 
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100 


100 


48 


24 
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100 


100 


45 
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100 


100 


96 
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11 


100 


100 


19 




13 


100 


100 


8 




15 


100 


100 


19 


10 


17 


100 


100 


88 




19 


100 


99 


87 


-5 


21 


100 


100 


98 


18 


25 


95 


99 


94 
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Examples 

By the following Reference Examples. Examples and Formulation Examples of the compounds of the 
present invention, the present invention will be described in a more concrete manner, but the present 
invention is not to be limited thereto. 



Reference Example 1 

To a solution of 4-acetoxy-2.3.5-tnmethylphenol [20 g 003 mmol)] and methallyl chloride [10 g (110.4 
mmoL)] in dimelhylformamide (160 ml) was added potassium carbonate [15.2 g (110 mmol.)]. The mixture 
was stirred for 3 hours at 80*0 under argon atmosphere. The reaction mixture was, after cooling, diluted 
with water, which was subjected to extraction with ethyl acetate. The extract was washed with water and 
dried, then the solvent was distilled off. The residue was crystallized from hexane to obtain the desired 4- 
acetoxy-2.3.5-trimethylphenyl-2-methylpropenyl ether [18.5 g (yield 72.4%)). m.p.44* to 45 C. 

In a manner similar to the above. 4-acetoxy-2.3.5-tnmethylphenyl allyl ether was synthesized- (Yield 
76.7%. m.p. 40* to 41* C). 



Reference Example 2 

In N.N-diethylaniline (100 ml) was dissolved 4-acetoxy-2.3.5-trimethylphenyl 2-methylpropenylether 
[16.2 g (6.5 mmol)). which was heated at 200* C for two hours. The reaction mixture was cooled and diluted 
with isopropyl ether, which was washed with 2N-HCI to remove N.N-diethylaniline. The remainder was 
washed with a saturated aqueous solution of sodium hydrogencarbonate. which was dried, followed by 
distilling off the solvent. The residue was crystallized from isopropylether-hexane to obtain the desired 4- 
acetoxy.2-(2-methyl-2-propenyl). 3.4.6-trimethylphenol [14.9 g (yield 91.7%)]. m.p. 109 -110 C. 
^ In a manner similar to the above. 4-acetoxy.2-allyl-3.4.6-trimethylphenol was synthesized. (Yield 94.6%. 
m.p. 117*-118*C). 



Reference Example 3 

55 



To a chloroform (15 ml) solution of 4-acetoxy2-allyl-3,5.6-trlmethylphenol [2.0 g (8.5 mmol)) was 
added dropwise. while stirring, bromine [1.36 g (8.5 mmol)). To the mixture was then added triethylamine 
(0.3 ml., which was heated for hvo hours under reflux. The reaction mixture was cooled, washed with water. 
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dried and then concentrated. The concentrate was crystallized from hexane to obtain 5.acetoxy-2- 
brornornethyl-4.67-trirnethyl-2.3-dihydroben2ofuran 12.5 g (yield 93^2%n 

in a manner similar to the above. 5-acetoxy-2-bromomethyl-2,4.6.7- etrametnyi y 
was obtained from 4-acetoxy-3.5.6-trimethyl-2-(2-methyl-2.propenyl)phenol. 

Example 1 

TO a solution of thiopheno. [425 mg (3.8 mmoD) in '^''^^^1°^'^^^"^^^^^ was' add^afte; 
cooling, sodium hydride [167 mg (4.2 mmol. content:60%)]. To^the ''f^]""; J^^'^ot^^^^ 9 
stirring for 20 minutes, a solution of 5-acetoxy-2-bromomethyl-4 6.7-tr,met^h^^^^^^^^^ 
(3.8 mmol)] in dimethylformamide (5 ml). The mixture was sfrred for "'^^^/^^^O m.nu^^^ 
mixture was diluted with water, wh.ch was subjected to extraction w.lh ethyl ace ^te. The ^^J^^^^^^^^ 
was washed with water, dried and concentrated. The concentrate was crystallized from 'soprapy ether 
:::anet afford 5-acetoxy.4.6.7.trimethyl-2.phenylthiomethy..2.3-dihydro^^^^^^^^ 
(yield : 91.3%)). In a manner similar to the above, compounds 2. 6. 8 10, ^2 '"d J.« '^"^^^^^ 
mploying the corresponding thio compounds (3-mercaptopropionic acid. l -octanethiol. ^■"'^''^^^^^ f''^' 
4-TluororhUhenol, 2-naphthalene thiol and benzyl mercaptan). Incidentally, when 3-mercaptoprop.onic acid 
is employed as the starting compound. 2.2 equivalents of sodium hydride was used. 
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Example 2 

TO a solution of 5-acetoxy.2-(pheny..h.ome,hylH.6.7-trimethyl-2.3-dihydrobenzofuran [1_2 
in methanol (8 ml) was added a solution ol sodium hydroxide (0.6 g) m water (5 ml). The ^« 
he^d for one hou under reflux under argon atmosphere. The reaction mixture was. atter cool-ng. ^ " 
S wate and then neutralized with 2N-HCI. followed by extraction with ethyl acetate The extract solution 
w« lalhi with wate^ which was dried, then the solvent was distilled oH. The residue was crysta .zed 
"mTsCopyTeth'h^xane^ 

'° ^"Trm^rrlm^ to the above, compounds 1. 5. 7, 9. 11.13. 15 ^d 17 were synthesized by 
employing the corresponding S-acetoxy compounds (Compounds 2. 6. 8, 10. 12. 14. 16 and 18). 
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TO a solution of 5-acetoxy-2-(phenylthiomethylH.6.7-trimethyl-2.3-dihydrobenzofuran (1.0 g) in metha- 
nol (?0 m ) was added a 1M aqueous solution of sodium periodate (10 ml), and the mixture was stirred a 
"oorl temperatures for three hours. The reaction mixture was diluted with water, and the 'taction product 
extracted with ethyl acetate. The extract solution was washed with water and dried, and then the 
;Tven wa^^^ d^^^^^^^^^^^ residue was crystallized from ethyl acetate -isopropy. ether to obtain des.red 

5.acetoxy.2-(phenylsulfinylmethyl)-4.6.7-trimethyl.2.3-dihydrobenzofuran (Compound 14) (0.72 g). 



45 Example 4 
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To a solution of 5-acetoxy.2-(phenylthiomethyl.4.6.7-triethyl-t3.dihydrobenzofuran (1^^ methanol 
no ml) was added a 2M aqueous solution of periodate (10 ml). The mixture was heated for 14 hours 
undeT refL T^eW^^^^^ fixture was. after cooling, diluted with water. The reaction product was extrac ed 
!^th%ri acetate The extract was washed with water, which was dried, and then the solvent was distilled 
ri?,rresirwarcrysJli"ld from isopropy. ether-ethyl acetate to obtain 1.0 g of the desired 5-acetoxy- 
2-(phenylsulfonyl)-4,6.7-trimethyl-2.3-dihydrobenzofuran (Compound 16). 

The physico-ch mical properties of the compounds obtained above are shown in TabI 2. 
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(1) 


Compound 3 


50 mg 


(2) 


Finely pulverized cellulose 




(3) 


Lactose 


37 mg 


(4) 


Magnesium stearate 


3 mg 




Total 


120 mg 



(1). (2). (3) and (4) were mixed, which was filled in a gelatine capsule. 
Claims 

1. A compound of the formula: 



wherein stands for hydrogen or a lower alkyi: n denotes an integer of 1 to 6; X stands for an optionally 
oxidized sulphur atom, oxygen atom or an optionally substituted imino: stands for methyl or an organic 
residueal group bonded through methylene, methine or a quaternary carbon: R^ stands for a lower alkyi; R* 
stands for hydrogen or acyl; R' and R^ each stand for a lower alkoxy or a lower alkyi. or an R^ 
combinedly stand for butadienylene. or a salt thereof. 

2. The compound according to claim 1. wherein R' is hydrogen or C-.-t alkyi. 

3. The compound according to claim 1 . wherein n is an integer of l to 3. 

4. The compound according to claim 1 . wherein X is sulfide, sulfoxide, sulfone, oxygen or imino. 

5. The compound according to claim 1. wherein R^ is Ci-to chain-like aliphatic hydrocarbon group. 
C3-7 cyclic hydrocarbon group, aryi, aralkyi or non-aromatic or aromatic 5 to 7 membered monocyclic or 
condensed poly cyclic heterocyclic group, which may be substituted. 

6. The compound according to claim 5. wherein R^ is Ci-io alkyl. C2-10 alkenyl. C2-10 alkynyl, C3-7 
cycloalkyl. C3-7 cycloalkenyl. phenyl, naphthyl. Ci-s alkylphenyl. C,-3 alkylnaphthyl. thienyl. pyridyl. 
imidazolyl. Ihiazolyl. pyrrolyl. piperidyl. hexamelhyleneimidyl. quinoyl. quinuclidyl. indolyl or pyrimidyl. 
which may be substituted by hydroxy, carboxy. Ci-3 alkoxycarbonyl. amino, nitro. cyano. halogen. C1-3 
alkoxy. C1-3 alkyl. acyl. C3-6 cycloalkyl or heterocyclic group. 

7. The compound according to claim 1. wherein R^ is Ct-s alkyl. 

8. The compound according to claim 1. wherein R* is hydrogen or C1-10 alkanoyl. 

9. The compound according to claim 1. wherein R^ and R^ each is C1-5 alkyl. 

10. The compound according to claim 1. wherein R^ is hydrogen or Ct-3 alkyl: n is 1; X is sulfide or 
oxygen- R^ is C:-o alkyl which may be substituted by halogen, carboxy or phenyl, phenyl which may be 
substituted by halogen or C..3 alkxoy. naphthyl or pyridyl; R^ is C..3 alkyl: R* is hydrogen or acetyl; and 
R5 and R^ are each Ci -3 aikyl. 

11. The compound according to claim 1. which is 5-hydroxy-2-{phenylthiomethyl)-4.6.7-tnmethyl-2.3- 

dihydrobenzofuran. • o 

12. The compound according to claim 1. which is 5-hydroxy-2-(octylthiomethylH.6.7-tnmethy 1-2.3- 

dihydrobenzofuran. u 1. ^ e -r 

13. The compound according to claim 1. which is 5-hydroxy.2-(4-fluorophenylthiomethyl)-4.6.7- 

trimethyl-2, 3-dihydrobenzofuran. 

14. A method of producing the compound according to claim 1, which comprises subjecting, when X is 
sulfur atom or oxygen atom, a compound of the formula: 

89365389 
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cr u OHO oa^ m i 



zo 




CnHiQ-Y 



wherein R\ R^, and are of the same nrieaning as defined above. Y is a leaving group and Z is 
^0 hydrogen or hydroxy-protecting group, and a connpound of the formula: 
H-X-R2 

wherein X and R^ are of the same meaning as defined above, to substitution reaction, or 
subj cting. when X is imino group, a compound of the formula: 



15 



20 



COjH 



wherein R\ R^. Z. R^ and R^ are of the same meaning as defined above, and a compound of the formula: 
H-X-R2 

wher in X and R^ are of the same meaning as defined above, to condensation reaction to produce a 
corresponding amide compound, followed to reduction, then when desired, to deprotection reaction, 
acylation or/and substituent-exchange reaction. 
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